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Figure 2: Implementation ofthe vertical Hall device in microelectronic processes 3 . applied. This kind of sensor can be produced on a silicon wafer using microelectronic-like technologies. Despite the relatively low sensitivity of silicon devices compared to moresophisticated materials, these components are well suited for mass production at very low cost and their longterm stability and signal-to-noise ratio are excellent 2 .
Vertical and cylindrical Hall devices
The Hall effect produces a voltage proportional to the magnetic field
Magnetic sensor microsystems
Figure 3: Cylindrical Hall device integrated with magneto-concentrators 5 . face electronics; the conceptual design of the corresponding systems; and the basic development of new microsystem products. The group is specialised in the conceptualisation, design and evaluation phases of the development cycle. Accordingly, it is well equipped with CAD tools and analysis instrumentation. It also has direct access to an in-house post-processing and micro-machining cleanroom facility. The development of advanced fabrication processes is typically done in collaboration with specialised institutions.
Each ofour projects is the subject of a PhD thesis, and most of them run in close collaboration with industrial partners. Currently the group focuses its research efforts on the development of novel sensor microsystems for magnetic, mechanical and optical signals. 
Nuclear magnetic resonance (NMR) magnetometry
For very-high-accuracy measurements of magnetic fields, the NMR effect is commonly used. These magnetometers are large, costly instruments. We have integrated such a sensor microsystem on a single silicon chip (Figure 7) . The external magnetic field to be measured (Ba) splits the energy states of the hydrogen atoms contained in the probe material into well-defined levels. By recording the absorption spectrum of the RF signal, the value of magnetic field Ba can be accurately determined. A model has been realised and tested using planar coils for excitation 8 . The measure- The NMR principle can be also
-

External magnetic field
Silicon device with integrated concentrators
I
Integrated fluxgates
A new type of magnetic sensor is currently under development at the IMS for further improvement of the sensitivity. Fluxgates integrated on silicon are being studied and the principle is shown in Figure 5 . The periodic saturation of a ferromagnetic core leads to a periodic variation of the magnetic flux in the pick-Up coils, thus producing a signal proportional to the external magnetic field to be measured. Such sensors are compatible with microelectronic integration technologies and the post-processed deposition of ferromagnetic layers. A first prototype of such a fluxgate6-7 has been integrated, together with the driving electronics, on a single silicon chip (Figure 6 ). tion. Using standard microelectronic technologies, the layout of Figure 2 can be realised 3 . This device is sensitive to a magnetic field oriented horizontally in the plane of the wafer.
In order to increase the sensitivity, magneto-concentrators can be added. We have developed a process that allows the realisation of these concentrators directly on the silicon chip (Figure 3) . The sensitivity is optimised by modifying the geometry of the sensor. In the gap between the two concentrators the magnetic field has a cylindrical shape. The Hall device is then adapted to this profile, using the so-called cylindrical Hall device 4 . Finally the microsystem is encapsulated into a standard package (Figure 4 ). Such elements have many industrial applications (e.g. current sensors, detection of magnetic inks, motion sensors for automotive and domestic markets, etc). The basic device, or Hall plate, is well known. By transforming this device using conforrnal mapping, the vertical Hall device is obtained (Figure 1 ). All its contacts are on the surface of the silicon wafer and it is, therefore, compatible with integra- We wish to acknowledge the Swiss Priority Program Minast for financial support; and to thank the former PhD tion, help to maintain the compatibility with microelectronics. Last but not least, miniaturisation leads to the appearance of interesting phenomena -such as DV selectivity in photodiodes -that can be advantageously exploited. The exploration of such effects in thin layers, in junctions or at
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Conclusions and outlook
Figure lOa: Principle ofthe angular position encoder using a crossshaped vertical Hall device!2.
The examples described show that microsystems can find important industrial applications in everyday life. Possibilities of batch fabrication decrease the unit cost for mass production. The use of post-processing steps, like ferromagnetic layer deposi-
Optical sensor microsystems
A fully integrated sensor microsystem for blue/ultra-violet radiation detection has been realised in a standard CMOS process 15 . Interest in this is driven by high-volume applications like flame detection in burners and sunbath monitoring. The microsystem consists of a I mm 2 DV-selective stripe~shaped photodiode together with an infrared photodetector,. a transimpedance amplifier and a IGI feedback resistor ( Figure  13 ). DV selectivity is obtained by confining the active area at the surface of the chip where the DV light is strongly absorbed. The second junction, sensitive to the infrared, works as compensation to further increase the selectivity. be realised on the same chip ( Figure   9 )10-11.
The 2D cross-shaped sensor can be used as an angular position encoder. The detection principle is shown in Figure lOa . A small magnet is attached to the rotating axis, producing two sine and co-sine signals on the sensor and giving directly the shaft Since vertical Hall devices are sensitive to a magnetic field oriented horizontally in the plane of the wafer, two-and tri-dimensional sensors can
Angular encoders
Position sensor microsystems position 11 . For motor regulation, the principle can be refined using a triple-branched sensor (Figure 9c ). In this case the three sine signals, 120 0 phase-shifted, can be directly amplified and fed' back to the three coils of the motorIa. Such a 
